Introduction
============

The prevalence of cardiovascular disease and its mortality rate are much higher among patients with schizophrenia than among the general population,[@b1-ndt-10-1361]--[@b5-ndt-10-1361] and both glucose and lipid metabolism disorders are said to be important risk factors.[@b6-ndt-10-1361]--[@b9-ndt-10-1361] Since the 1990s, many studies[@b10-ndt-10-1361]--[@b12-ndt-10-1361] have reported that glucose and lipid metabolic parameters worsened in schizophrenia patients who took antipsychotic drugs. However, many studies[@b13-ndt-10-1361]--[@b18-ndt-10-1361] have also shown that the incidence rates of impaired glucose tolerance and type 2 diabetes are far higher among drug-naïve patients with schizophrenia and their first-grade relatives than among the general population, and similar reports[@b19-ndt-10-1361] exist in the preneuroleptic literature. Therefore, the relationship between schizophrenia and antipsychotic drugs and glucose and lipid metabolism disorders is still not fully understood. One of main reasons for the uncertainty is the difficulty of disentangling the interactions between schizophrenia and antipsychotic drugs in clinical observation study designs.

Although many studies[@b10-ndt-10-1361],[@b20-ndt-10-1361]--[@b23-ndt-10-1361] in the past two decades have reported abnormal glucose and lipid metabolic parameters in schizophrenia patients taking antipsychotic drugs, the characteristics of glucose and lipid metabolism disorders have remained controversial.[@b24-ndt-10-1361]--[@b28-ndt-10-1361] Furthermore, the potential effects of antipsychotic drug discontinuation on glucose and lipid metabolism in patients with schizophrenia remain unclear because few studies have specifically addressed that issue.

In this study we compared glucose and lipid metabolism parameters among patients with schizophrenia who were drug-naïve, those currently being treated with antipsychotic drugs, and those who had discontinued taking antipsychotic drugs. Our purpose was to illuminate the authentic effects of antipsychotic drugs on glucose and lipid metabolism parameters in Chinese populations with schizophrenia and to preliminarily explore the possible effects of antipsychotic discontinuation on glucose and lipid metabolism.

Materials and methods
=====================

Study participants
------------------

All participants were of Chinese descent and were inpatients recruited through the Department of Psychiatry of the Third Affiliated Hospital of Sun Yat-Sen University, Guangzhou, Guangdong, People's Republic of China. A *Diagnostic and Statistical Manual of Mental Disorders Fourth Edition* (DSM-IV) diagnosis of schizophrenia was established using the structured clinical interview for DSM-IV axis I disorders, which was administered by a single experienced psychiatrist (Hongying Han) and subsequently reviewed by a senior psychiatrist (Zili Han). Of 131 total inpatients, 70 were identified as exhibiting first-episode, drug-naïve schizophrenia (drug-naïve group), 33 were schizophrenia patients who had undergone continuous antipsychotic treatment for ≥1 year prior to the beginning of the study (antipsychotic-treated group), and 28 were schizophrenia patients who had received antipsychotic treatment for ≥1 year but had discontinued treatment for ≥3 months prior to the beginning of the study (antipsychotic discontinuation group). To confirm their schizophrenia diagnoses, all first-episode patients were followed for at least 6 months after discharge.

Participants were excluded if they had a history of recognized cardiovascular disease, diabetes mellitus, malignancy, endocrine disease, dehydration, pregnancy, high-dose estrogen therapy, treatment with lipid-lowering medications, or other mental illnesses, including mood disorders, neurosis, a comorbid DSM-IV diagnosis of alcohol or illicit drug abuse, or an eating disorder. Participants who declined to provide written informed consent or who declined any assessment were also excluded. Retrospective interviews were used to exclude treated patients who had possible glucose and lipid metabolism abnormalities at baseline.

After the participants received a complete description of the study, their written informed consent was obtained in accordance with National Health and Medical Research Council guidelines. The protocol was reviewed and approved by the ethics committee at the Third Affiliated Hospital of Sun Yat-Sen University prior to the onset of the study.

Study design
------------

This was an open-label, cross-sectional study conducted from October 2009 to March 2012. Fasting plasma levels of glucose, insulin, C-peptide, and lipid profile parameters, including triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), apolipoprotein A1 (aPOA1), and apolipoprotein B100 (aPOB100), were tested at the beginning of the study in the hospital's central laboratory. To ensure that each patient fasted, we assigned two nurses to monitor the study participants. The symptom severities of all patients were rated using the Positive and Negative Syndrome Scale upon admission.

Assessments
-----------

The assessments utilized in the present analysis included body mass index (BMI), waist--hip ratio (WHR), and glucose and lipid parameters for all patients upon admission. Only the results from blood samples collected at morning fasting times were included in this analysis. Blood samples were collected from all subjects between 9 am and 10 am after a 12-hour overnight fast.

Plasma glucose measurements (mmol/L) were determined using an enzymatic photometric test (glucose oxidase--phenol plus aminophenazone) method (DiaSys Diagnostic System GmbH, Co., Ltd, Shanghai, People's Republic of China). Plasma insulin levels (mU/L) were tested using ADVIA Centaur with direct chemiluminescence (Siemens Healthcare Diagnostics, Inc., Walpole, MA, USA). The sensitivity of the assay was 0.5 mU/L. The intra- and interassay coefficients of variation were 3.3%--4.6% and 4.8%--5.9%, respectively. The same method was applied to detect plasma C-peptide levels (ng/mL), and the sensitivity of the assay was 0.05 ng/mL. The inter- and intra-assay coefficients of variation were 3.7%--4.1% and 1.0%--3.3%, respectively. The formula for the homeostasis assessment model was as follows: insulin resistance index (HOMA-IR) = (fasting insulin \[10^3^ μU/L\] × fasting glucose \[mmol/L\])/22.5.[@b29-ndt-10-1361]

The fasting plasma levels of aPOA1 and aPOB100 were measured using the immunoturbidimetry method (Sichuan Maker Biotechnology Co., Ltd, Chengdu, People's Republic of China). The ranges of detectable plasma aPOA1 and aPOB100 levels were 0--2.00 g/L and 0--2.50 g/L, respectively. The interassay coefficients of variation were less than 5% for both aPOA1 and aPOB100. The fasting plasma levels of TC, TG, and HDL-C were analyzed enzymatically using commercially available equipment (Sichuan Maker Biotechnology Co., Ltd). The fasting plasma levels of LDL-C were calculated using the formula described by Friedewald et al.[@b30-ndt-10-1361]

For all subjects, anthropometric measurements (weight, height, and waist and hip circumference) were taken after participants had removed their shoes and upper garments and donned an examination gown. Waist circumference was measured midway between the iliac crests and the costal margins, and hip circumference was measured at the widest part of the hips. The WHR was used as a measure of upper body adiposity. BMI was computed as body weight (in kilograms) divided by height squared (m^2^).

Statistical analysis
--------------------

SPSS for Windows (version 13.0; SPSS Inc., Chicago, IL, USA) was used to analyze all data. All observed variables but TG, WHR, IR, and aPOB100 were in accordance with normal distribution. We transformed TG, WHR, IR, and aPOB100 to their normal score by rank, and then compared these clinical variables among groups. Demographic characteristics were compared using *χ*^2^ tests, independent samples *t*-tests, or analyses of variance as appropriate. Age, sex, illness course, and the severity of illness were considered concomitant variables, and analysis of covariance was performed to compare BMI, WHR, glucose, and lipid metabolism parameters among groups. All statistical tests were evaluated at the 5% significance level.

Results
=======

Demographic characteristics and basic descriptive data
------------------------------------------------------

In total, 131 patients entered the trial, and all of their data were included in the present report. Age, sex, number of hospitalizations, course of illness, and total Positive and Negative Syndrome Scale score were not equivalent between groups, whereas education level was equivalent. However, our analysis showed that the number of hospitalizations was unrelated to BMI, WHR, waist circumference, and glucose and lipid metabolic parameters. Furthermore, the prior prescriptions of different types of antipsychotic drugs were equivalent between antipsychotic-treated and antipsychotic discontinuation patients with schizophrenia (see [Table 1](#t1-ndt-10-1361){ref-type="table"}).

The comparison of BMI, WHR, and glucose and lipid metabolic parameters among drug-naïve, antipsychotic-treated, and antipsychotic-discontinuation patients with schizophrenia
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Compared with first-episode, drug-naïve patients with schizophrenia, antipsychotic-treated patients with schizophrenia had much higher plasma insulin and C-peptide levels, were more insulin-resistant, and had higher BMI, WHR, and waist circumference values (*P*\<0.01). Simultaneously, antipsychotic-treated schizophrenia patients had far lower plasma HDL-C levels (*P*\<0.05).

Compared with antipsychotic-treated patients with schizophrenia, antipsychotic discontinuation patients with schizophrenia did not exhibit significant differences in BMI, WHR, waist circumference, and glucose and lipid metabolic parameters (*P*\>0.05).

Compared with first-episode, drug-naïve patients with schizophrenia, antipsychotic discontinuation patients had much higher plasma insulin and C-peptide levels, were much more insulin resistant, and had lower HDL-C levels (*P*\<0.05). They also had significantly larger BMI and waist circumference values (*P*\<0.01).

No significant differences in fasting plasma glucose levels among three groups were observed (see [Tables 2](#t2-ndt-10-1361){ref-type="table"} and [3](#t3-ndt-10-1361){ref-type="table"}).

The relationship between BMI, waist circumference, and plasma levels of insulin and HDL-C
-----------------------------------------------------------------------------------------

Pearson correlation analyses showed that plasma levels of insulin were positively correlated with BMI and waist circumference values in Chinese patients with schizophrenia, and plasma HDL-C levels were negatively correlated with BMI and waist circumference (see [Table 4](#t4-ndt-10-1361){ref-type="table"}).

Discussion
==========

This study was conducted in a natural clinical setting. The results showed that compared with drug-naïve patients with schizophrenia, antipsychotic-treated patients had significantly higher BMI, WHR, and waist circumference values and higher plasma insulin levels and insulin resistance. Additionally, their plasma HDL-C levels were lower. Our results confirm the predominant findings of previous studies,[@b31-ndt-10-1361]--[@b35-ndt-10-1361] revealing a close relationship between antipsychotic drugs and glucose and lipid metabolism disorders. Indeed, reports of an association between glucose and lipid metabolism disorders and antipsychotic drugs gradually increased since chlorpromazine, the first chemically synthetic antipsychotic drug, was first used in clinical psychiatry practice.[@b36-ndt-10-1361] At present, the most consistent finding across all of the relevant studies on schizophrenia is that the onset and progression of metabolism syndrome and its compound components, such as insulin resistance and lower plasma HDL-C levels, are closely correlated with the use of antipsychotic drugs.[@b37-ndt-10-1361] One related meta-analysis[@b38-ndt-10-1361] also reported that independent of whether the medication was a first- or second-generation drug, and independent of the mechanism, antipsychotic drugs had different effects on glucose and lipid metabolism disorders. The glucose and lipid metabolism disorders observed in schizophrenia patients as a result of antipsychotic drug treatment often led to significant augmentation of BMI and waist circumference values, greater insulin resistance, and much lower HDL-C plasma levels. In our previous study we also found that drug-naïve schizophrenia patients had higher fasting plasma insulin and C-peptide levels and lower fasting plasma HDL-C and aPOA1 levels and were more insulin resistant compared with healthy controls. Given the results of both the present study and our previous study,[@b39-ndt-10-1361] we can conclude that the risk of glucose and lipid metabolism disturbances among Chinese patients with schizophrenia may be associated with not only schizophrenia itself but antipsychotic drugs as well.

Furthermore, we first studied whether antipsychotic discontinuation has an evident effect on glucose and lipid metabolism in Chinese patients with schizophrenia. The results showed that compared with drug-naïve schizophrenia patients, antipsychotic discontinuation patients still had much higher BMI and waist circumference values, far higher plasma insulin levels and greater insulin resistance, and much lower plasma HDL-C levels. Additionally, compared with antipsychotic-treated schizophrenia patients, no significant improvement was found in glucose and lipid metabolic parameters among antipsychotic discontinuation patients with schizophrenia. These findings suggest that antipsychotic discontinuation appears to have no noteworthy positive effect on glucose and lipid metabolism disturbances in Chinese patients with schizophrenia. These results were assumed to be associated with three possible factors. First, the average antipsychotic discontinuation duration of 0.67 (standard deviation =0.55) years is not long enough to reverse glucose and lipid metabolism disorders resulting from antipsychotic drugs. Second, glucose and lipid metabolism disorders are, to some extent, inherent in patients with schizophrenia,[@b17-ndt-10-1361],[@b18-ndt-10-1361],[@b40-ndt-10-1361] and antipsychotic drugs may be only an initiating or accelerating factor. Once initiated, glucose and lipid metabolism disturbances can develop progressively. Third, our study's sample size (28 antipsychotic discontinuation patients with schizophrenia and 33 antipsychotic-treated patients with schizophrenia) was relatively small. It may be difficult to determine differences between the treated and the discontinued group. Therefore, a similar study of larger sample size is warranted.

One previous study[@b41-ndt-10-1361] found that both BMI and waist circumference significantly predicted abnormalities in glucose homeostasis in patients with schizophrenia who took olanzapine, risperidone, ziprasidone, or first-generation antipsychotic drugs. Another study[@b42-ndt-10-1361] found that waist circumference was the best anthropometric measure for predicting obesity-related metabolic side effects such as IR that are associated with antipsychotic drugs in patients with schizophrenia. Early in 2001, the National Cholesterol Education Program Adult Treatment Panel III highlighted that waist circumference was the best surrogate for visceral adipose tissue measurements and had a strong association with cardiometabolic risk factors.[@b43-ndt-10-1361]--[@b46-ndt-10-1361] Furthermore, waist circumference is a strong predictor of not only insulin resistance and type 2 diabetes[@b47-ndt-10-1361]--[@b49-ndt-10-1361] but also atherogenic dyslipidemia.[@b50-ndt-10-1361] In the current study, Pearson correlation analyses of plasma levels of insulin, HDL-C, BMI, and waist circumference in all 131 Chinese patients with schizophrenia were performed, and the results showed that plasma insulin levels were positively correlated with BMI and waist circumference, whereas plasma HDL-C levels were negatively correlated with BMI and waist circumference. Our findings confirmed that insulin resistance and atherogenic dyslipidemia in patients with schizophrenia who were treated with antipsychotic drugs are closely associated with weight gain and waist circumference augmentation.

The current study has several limitations. First, its cross-sectional design does not allow us to draw specific conclusions about causality. Second, we did not collect additional detailed information that could prove relevant to the results, such as smoking habits, alcohol use, diet, and exercise. A third limitation is the small sample size. Despite these limitations, our study has its merits. Firstly, to our knowledge, no previously published study has compared drug-naïve, antipsychotic-treated, and antipsychotic discontinuation patients with schizophrenia. Such a design can effectively control for the possible contribution of the illness itself to the study results. Secondly, in our analyses, we did control for primary confounding factors, including age, sex, course of illness, past medication use, and the severity of illness. Thirdly, based on retrospective interviews upon admission, we excluded treated schizophrenia patients who had possible pre-existing metabolic abnormalities. To further investigate the effects of antipsychotic drugs on glucose and lipid metabolism disorders, longitudinal studies beginning with drug-naïve schizophrenia patients should be considered and developed.

Regardless of its strengths and weaknesses, the present study carries important clinical implications. First, in the clinical practice of psychiatry, we should pay much more attention to glucose and lipid metabolism in schizophrenia patients with current or prior antipsychotic drug treatment. In particular, insulin levels, insulin resistance, and HDL-C levels should be routinely monitored. Moreover, our study results argue in favor of strengthening schizophrenia patients' compliance with antipsychotic drug treatment, because antipsychotic drug discontinuation does not significantly improve abnormalities of glucose and lipid metabolic parameters, and antipsychotic discontinuation can increase the risk of relapse or the recurrence of schizophrenia symptoms.

Conclusion
==========

Considering all of these findings and related issues, the results of the present study suggest that antipsychotic drugs can aggravate glucose and lipid metabolism disorders; furthermore, the characteristics of glucose and lipid metabolism disorders in Chinese patients with schizophrenia who take antipsychotic drugs appear to include much higher plasma insulin levels, greater insulin resistance, and far lower plasma HDL-C levels compared with drug-naïve patients with schizophrenia. Our findings also suggest that antipsychotic discontinuation does not significantly improve parameters related to glucose and lipid metabolism disorders in Chinese patients with schizophrenia.
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###### 

Demographic characteristics and basic descriptive data

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                      Drug-naïve patients\   Antipsychotic-treated patients\   Antipsychotic discontinuation patients\   *F*/*χ*^2^/*t*, *P*-value
                                                                      n=70                   n=33                              n=28                                      
  ------------------------------------------------------------------- ---------------------- --------------------------------- ----------------------------------------- ---------------------------------------------------------
  **Demographic characteristics**                                                                                                                                        

  Age (years)                                                         24.49 (6.97)           28.64 (8.02)                      28.86 (8.24)                              5.210, 0.007[a](#tfn2-ndt-10-1361){ref-type="table-fn"}

  Sex (female/male)                                                   37/33                  7/26                              12/16                                     9.177, 0.012[b](#tfn3-ndt-10-1361){ref-type="table-fn"}

  Education (primary/high/scholar/master)                             24/21/23/2             12/9/11/1                         13/9/6/0                                  2.72, 0.844

  **Descriptive data**                                                                                                                                                   

  Frequency of hospitalization                                                               2.97 (1.40)                       2.07 (1.15)                               59.11, 0.000

  PANSS total score                                                   92.05 (11.62)          85.97 (5.32)                      86.75 (5.39)                              6.268, 0.003[c](#tfn4-ndt-10-1361){ref-type="table-fn"}

  Course of illness (years)                                           0.50 (0.02)            7.09 (4.42)                       4.85 (3.68)                               70.01, 0.000[d](#tfn5-ndt-10-1361){ref-type="table-fn"}

  Time of discontinuation (years)                                                                                              0.67 (0.55)                               

  **Past medication use (FGAs alone, SGAs alone, FGAs** + **SGAs)**                                                                                                      

  FGAs alone                                                                                 0                                 3                                         

  SGAs alone                                                                                 23                                21                                        0.067

  FGAs + SGAs                                                                                10                                4                                         
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Values are means (standard deviation) unless otherwise indicated.

The average age of both antipsychotic-treated and discontinuation patients was higher than that of drug-naïve patients (*P*=0.01), and no significant difference was found between antipsychotic-treated and discontinuation patients (*P*=0.909).

Sex distribution was not equal between drug-naïve and antipsychotic-treated patients (*P*=0.003), and sex distribution was equal between drug-naïve and antipsychotic discontinued patients (*P*=0.371) and between antipsychotic-treated and discontinuation patients (*P*=0.371).

PANSS total scores of both antipsychotic-treated and discontinuation patients were far higher than those of drug-naïve patients (*P*=0.002, *P*=0.012), and no significant difference was found between antipsychotic-treated and discontinuation patients (*P*=0.743).

The course of illness was not balanced among drug-naïve, antipsychotic-treated, and discontinuation patients (*P*=0.000, *P*=0.000, *P*=0.002, respectively).

**Abbreviations:** FGAs, first-generation antipsychotics; PANSS, Positive and Negative Syndrome Scale; SGAs, second-generation antipsychotics.

###### 

The comparison of BMI, WHR, and glucose metabolic parameters among drug-naïve, antipsychotic-treated, and antipsychotic discontinuation patients with schizophrenia

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                       Drug-naïve patients\   Antipsychotic-treated patients\   Antipsychotic discontinuation patients\   *F*     *P*-value   Pairwise comparison (*P*-value)           
                       n=70                   n=33                              n=28                                                                                                    
  -------------------- ---------------------- --------------------------------- ----------------------------------------- ------- ----------- --------------------------------- ------- -------
  BMI (kg/m^2^)        19.63 (2.53)           23.09 (3.92)                      22.28 (4.19)                              6.194   0.003       0.001                             0.504   0.015

  Waistline (cm)       70.42 (7.63)           81.87 (9.35)                      78.92 (10.94)                             9.326   0.000       0.000                             0.364   0.004

  WHR                  0.82 (0.06)            0.89 (0.06)                       0.87 (0.09)                               2.743   0.068       0.022                             0.247   0.158

  FPG (mmol/L)         4.79 (0.71)            5.11 (0.80)                       4.82 (0.62)                               1.306   0.274       0.182                             0.139   0.743

  FINS (mU/L)          8.49 (4.92)            14.38 (9.23)                      12.84 (12.37)                             7.521   0.001       0.000                             0.297   0.015

  C-peptide (nmol/L)   0.45 (0.20)            0.58 (0.23)                       0.57 (0.38)                               4.561   0.012       0.007                             0.668   0.029

  IR                   1.83 (1.16)            3.35 (2.73)                       2.90 (3.16)                               4.900   0.009       0.049                             0.715   0.044
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:** Values are means (standard deviation) unless otherwise indicated.

**Abbreviations:** BMI, body mass index; FINS, fasting insulin resistance; FPG, fasting plasma glucose; IR, insulin resistance; WHR, waist--hip ratio.

###### 

The comparison of lipid metabolism parameters among three groups of patients with schizophrenia

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                   Drug-naïve patients\   Antipsychotic-treated patients\   Antipsychotic discontinuation patients\   *F*     *P*-value   Pairwise comparison (*P*-value)           
                   n=70                   n=33                              n=28                                                                                                    
  ---------------- ---------------------- --------------------------------- ----------------------------------------- ------- ----------- --------------------------------- ------- -------
  TC (mmol/L)      4.16 (0.77)            4.51 (1.07)                       4.28 (1.07)                               0.226   0.798       0.997                             0.588   0.579

  TG (mmol/L)      1.12 (0.75)            1.89 (1.08)                       1.37 (0.93)                               0.147   0.863       0.595                             0.687   0.860

  HDL-C (mmol/L)   1.29 (0.26)            1.09 (0.24)                       1.12 (0.29)                               4.338   0.015       0.012                             0.766   0.009

  LDL-C (mmol/L)   2.50 (0.67)            2.87 (1.04)                       2.67 (0.82)                               0.189   0.828       0.768                             0.791   0.541

  aPOA1(g/L)       1.20 (0.22)            1.14 (0.19)                       1.14 (0.25)                               2.448   0.091       0.050                             0.722   0.055

  aPOB100 (g/L)    0.63 (0.15)            0.74 (0.22)                       1.69 (5.35)                               0.076   0.927       0.770                             0.703   0.940
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:** Values are means (standard deviation) unless otherwise indicated.

**Abbreviations:** aPOA1, apolipoprotein A1; aPOB100, apolipoprotein B100; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; WHR, waist--hip ratio.

###### 

The relationship between BMI, waist circumference, and plasma levels of insulin and HDL-C

                             Insulin mU/L           HDL-C mmol/L
  -------------------------- ---------------------- -----------------------
  BMI (kg/m^2^)              *r*=0.256, *P*=0.003   *r*=−0.303, *P*=0.000
  Waist circumference (cm)   *r*=0.256, *P*=0.003   *r*=−0.368, *P*=0.000

**Abbreviations:** BMI, body mass index; HDL-C, high-density lipoprotein cholesterol.
